The new focus of wireless communication is shifting from voice to multimedia services. There is a growing interest in providing and improving radio coverage for mobile phones, short range radios and WLANs inside buildings. The need of such coverage appears mainly in office buildings, shopping malls, train stations where the subscriber density is very high. The cost of cellular systems and also the one of indoor wireless systems depend highly on the number of base stations required to achieve the des ired coverage for a given level offield strength. There are already numerous optimization methods published which can be applied to the optimal design of such indoor networks [2, 3, 4, 5]. The recently published methods use any heuristic technique for finding the optimal Access Point (AP) positions. Common drawbacks of the methods are the slow convergence in a complex environment like the indoor one.
INTRODUCTION
This article presents approaches in optimizing the indoor radio coverage using multiple access points for indoor environments. First the conventional Simple Genetic Algorithm (SGA) is introduced and used to determine the optimal access point positions to achieve optimum coverage. Next to overcome the disadvantage of SGA global optimization methods is applied Divided Rectangles (DIRECT) technique and comparisons are made for the methods deployed. The main advantage of the proposed method is the reduction of the iteration time and compared to genetic algorithm.
THE INDOOR PROPAGATION MODEL
In our article the Motley-Keenan [1] model was used to analyze indoor wave propagation. This empirical type prediction model based considering the influence of walls, ceilings and floors on the propagation through disparate terms in the expression of the path loss. The overall path loss according to this model can be written as (1) where LF is the free space path loss and La is an additional loss expressed as
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where Le is an empirical constant term, kWi is the number of penetrated i type walls, kjj is the number of penetrated floors and ceilings of type j, I is the number of wall types and J is the number of floor and ceiling types. For the analyzed receiver position, the numbers ki and kj have to be determined through the number of floors and walls along the path between the transmitter and the receiver antennas. In the original paper [1] only one type of walls and floors were considered, in order for the model to be more precise a classification of the walls and floors is important. A concrete wall for example could present very varying penetration losses depending on whether it has or not metallic reinforcement. It is also important to state that the loss expressed in (2) is not a physical one, but rather model coefficients, that were optimized from measurement data. Constant Le is the result of the linear regression algorithm applied on measured wall and floor losses. This constant is a good indicator of the loss, because it includes other effects also, for example the effect of furniture. For the considered office type building, the values for the regression parameters have been found. ( Table 1 .) The Motley-Keenan model regression parameters have been determined using Ray Launching deterministic radiowave propagation model. These calculations were made for the office-type building floor at Budapest University of Technology and Economics (Fig. 1.) . The frequency was chosen to 2450 MHz with a A/2 transmitter dipole antenna mounted on the 3m height ceiling at the center of the floor. The receiver antenna has been applied to evaluate the signal strength at (80x5)x(22x5)=44000 different locations in the plane of the receiver. At each location the received signal strength was obtained by RL method using ray emission in a resolution of 1°. The floor view and polygonal partitioning is shown on . 1-2 . Polygon data base of V2 building at BME
OPTIMIZATION METHODS
There are already numerous optimization methods published which can be applied to the optimal design of such indoor radio networks [2, 3, 4, 5] . The recently published methods use any heuristic technique for finding the optimal Access Point (AP) positions. Common drawback of the methods are the slow convergence in a complex environment like the indoor one because all of the methods are using the global search space i.e. the places for AP-s are searched globaJly. Heuristic search and optimization is an approach for solving complex and large problems that overcomes many shortcomings of traditional (gradient type) optimization techniques. Heuristic optimization techniques are general purpose methods that are very flexible and can be applied to many types of objective functions and constraints. Another advantage of heuristic methods is their simplicity because of its gradient-free nature. Gradient free optimization methods are primarily based on the objective function values and are suitable for problems either with many parameters or with computationally expensive objective functions. In the paper two global optimization methods the Simple Genetic Algorithm (SGA) and a method using Divided Rectangles (DIRECT) global search algorithm are used with wave propagation solver as can be seen in Fig. 3 . Genetic Algorithms (GA) are increasingly being applied to complex problems. Genetic Algorithm optimizers are robust, stochastic search methods modeled on the principles and concepts of natural selection. [2, 7] Genetic Algorithms (GA) are increasingly being applied to difficult optimization problems. GA optimizers are robust, stochastic search methods modeled on the principles and concepts of natural selection.
If a receiver position that is fuJly described by N par parameters arranged in a vector x={x;1 i=l, ... ,Npar} is considered, then the knowledge of x permits the evaluation of the objective function f(x), which indicates the worth of a design (the area coverage percentage). It is assumed that Xi take on either real or discrete values, and thatf(x) needs to be maximized. The GA does not operate on X but on a discrete representation or chromosome p={gil i= 1, ... ,N} of x, each parameter Xi being described by a gene gj. Each gene gi in tum consists of a set of N�ll all that are selected from a finite alphabet and that together decode a unique Xi. The cost function of the optimization procedure has been the coverage percentage of the points for which the received power is greater than a given level.
Total number of test pomts ( 3 )
DIRECT algorithm
The DIRECT optimization algorithm is a derivative-free global algorithm that yields a deterministic and unique solution [6] . Its attribute of possessing both local and global properties make it ideal for fast convergence. An essential aspect of the DIRECT algorithm is the subdivision of the entire design space into hyper-rectangles or hyper-cubes for multidimensional problems. The iteration starts by choosing the center of the design space as the starting point. Subsequently, at each iteration step, DIRECT selects and subdivides the set of hyper-cubes that are most likely to produce the lowest objective function. This estimation is based on Lipschitzian optimization method. Basically for one dimension a function is called Lipschitz continuous on domain R with Lipschitz constant a if ( 4 ) where f(x) is the objective function for the optimization problem. The complementary of the coverage percentage which has to be minimized was chosen as objective function for the DIRECT algorithm.
j(x) = l-c( Prec ) (5)
The Lipschitzian function finds the global minimum point provided the constant a is specified to be greater than the largest rate of change of the objective function within the design space and that the objective function value is continuous. As mentioned above, DIRECT divides the domain into multiple rectangles at each iteration. Thus, the convergence process is greatly sped up and the optimization algorithm achieves both local and global searching properties. As illustration of subdividing the search region into hyper-rectangles and sampling, two dimensional problem optimization steps are shown in Fig. 4 . The Algorithm DIRECT is stated as follows.
Algorithm DIRECT
Start point at the center of the user defined area (O<;x5150;OS)':522)
while !objecti,.;>!iimit and iteration steps< iteration stepslimit end while
Divide the area of investigation space into three rectangles Set the centers of the three rectangles Use the Lipschitz constant a to select the rectangle has to be divided
RESULTS
The testing of the SGA optimization has been done with testing case at the office building optimizing the coverage for the whole level. These results ( Table 2 ) illustrate and justity well the importance of Access Point installation positions in Hradio networks in order to maximize the wireless coverage. Using the mentioned optimization procedure the network cost can be significantly reduced and the optical distribution network also can be simplified. Next the convergence of SGA and DIRECT will be compared in Fig. 8 The optimal AP posItIon of WLAN is investigated for indoor environment. The article illustrates the possibility of optimization of radio network using Genetic Algorithm and DIRECT in order to determine positions of APs. The methods are introduced and investigated for 1,2, 3 and 6 AP cases. It has been shown that for finding proper placement the necessary number of APs can be highly reduced and therefore saving installation cost of WLAN.
